A model including diet, oral hygiene, and dental treatment and three ecological levels was tested to study variability in caries experience. Analysis produced a rank order of explanation for the ecological variables: (1) community, (2) family, (3) individual. The treatment factor contributed more to oral condition than oral hygiene or diet within each ecological level.
In this paper we present the findings of a study designed to test the usefulness of an ecological model containing factors believed to affect children's oral health both directly and indirectly. It has long been accepted that there are multiple factors involved in the etiology of dental disease-in this case, caries. However, most dental research uses explanatory models involving a limited range of variables.
Investigators who study relationships between caries and factors in the oral cavity often use only one independent variable. Gustafsson et all studied the relationship between diet (sucrose) and caries experience. Barenie, Leske, and Ripa2 related oral hygiene to caries experience in children. Littleton, Kakehashi, and Fitzgerald3 isolated caries-inducing microorganisms from carnous lesions.
Duany, jablon, and Zinner4 studied the effects of two independent variables by relating diet and oral hygiene to the oral condition of caries-free and caries-active students.
Littleton, Kakehashi, and Fitzgerald5 used a three-factor model to study the relationship Supported by USPHS Grant DH 00183-01. Presented at the 51st general session of the IADR in Washington, DC, April 1973.
Received for publication June 28, 1973. 554 between race, microorganisms, and diet to caries prevalence. Kegeles, 6 Rayner, 7 and O'Shea and Gray8 have studied the relationships of factors in the individual's social environment. In these studies the dependent variables are dental attitudes or behaviors such as diet practices, oral hygiene practices, and the frequency and purpose of dental visits. In most studies of dentistry that use social science methods, the relationships between the dependent variables and oral condition are assumed.
The multiplicity of factors involved in the caries process suggested to the investigators that it might be fruitful, in a study of caries experience in a natural population, to examine concurrently as many as possible of the factors believed to be associated with the processes and conditions affecting the disease.
An ecological approach was used to conceptualize factors affecting children's caries experience. The theoretical model that evolved is based on theories of the pathogenesis of dental disease, and the findings of clinical, experimental, epidemiological, and behavioral science research in dentistry. The model reflects the idea that the occurrence and progress of dental disease are the result of many interrelated factors, those relating specifically to the oral environment and those relating to the individual's social environment-his family and his community.
The comprehensive ecological model that determined the study design is fully described in another paper.9 The model does not present new theories regarding the cause of caries, nor does it introduce new facts about control or prevention of caries. Rather, the model was intended to illustrate the pervasiveness of factors in a child's total envi-ronment which influence his oral health. It provides a comprehensive ecological framework for studying the caries process within a natural population.
With the use of this comprehensive model as a guide, the overall research objective was to examine the prevalence and incidence of caries as a function of processes or conditions existing within the oral cavity which are or were affected by the individual child, his family, and his community. Diet, oral hygiene, and dental treatment were the only intraoral factors in the model selected for study. Although oral microorganisms and genotypic factors were included in the model as intraoral factors, the contributions of these two factors to explaining variability in incidence or prevalence of caries were not studied in this investigation.
Materials and Methods SAMPLE SELECTION.-The study sample consisted of 838 white third-grade children and their parents. The children attended 14 public schools from a total of 69 schools selected to represent a broad spectrum of socioeconomic levels in a large midwestern city school district. The public water supplies of this city have been fluoridated since 1957. Seventy percent of the study children had experienced fluoride exposure for their total life.
DATA COLLECTION.-Information was obtained from both children and parents over a one-year period. Each child was individually interviewed twice-once in the third grade and again in the fourth grade-by a trained community resident interviewer. Primarily, data concerning the child's diet and oral hygiene practices were obtained during these interview sessions. A few questions related to family attitudes and to past dental experiences were also asked.
Children rather than parents were interviewed because Babchuck and Gordon10 reported that they found children to be spontaneous communicators of the fact rather than of the calculated response. They found that threatening questions met with resistance from adults but not from children. Therefore, it was believed that children would provide more spontaneous and reliable information about dentally related practices and attitudes than would their parents.
After each of the two diet interviews each child received an unannounced dental screening examination by a dentist trained in dental epidemiology. Oral condition, in terms of caries and oral hygiene indexes, was assessed. Children were identified as needing dental treatment if an obvious carious lesion was observed on one or more permanent teeth.
Data concerning family characteristics were collected from the child's parents (most often the mother) during the year between the first and second children's interviews and dental examinations. Demographic information, attitudes, and behaviors regarding dental practices were collected from the families of 93% of the children. Parents whose children were identified as needing dental treatment for an obvious carious lesion on a permanent tooth, plus a randomly selected group of 100 parents whose children did not meet that criterion, were interviewed at home by a trained community resident. The remaining parents received a mail questionnaire to obtain exactly the same information as that collected during the home interviews.
The specific interview, questionnaire, and dental examination data that comprise the independent variables are shown in Table 1 . The four dependent variables were: DMFSprevalence, DMFS-incidence, defs-prevalence, and defs-incidence.
ANALYSIS.-The procedure followed in the analysis of these data was multiple regression in which the dependent variables were each regressed on the independent variables, that is, the items composing the factors in the general model and subsets of these factors. Table I gives the questionnaire, interview, and dental examination items that make up the elements of each of the ecological levels, or factors, in the general modelindividual, family, and community. The individual factor included variables such as oral hygiene practices, frequency and amounts of cariogenic food ingested, and acceptance of dental treatment and recommendations for home care. The family factor included variables such as provision of cariogenic foods, supervision of oral hygiene procedures, and provision of preventive and corrective dental care. The community factor included variables such as fluoride exposure, availability, accessibility, and acceptability of dental treatment services.
Regression analyses were performed in which all possible combinations of these three factors were considered as the regressor variables. From the results of these regressions it was possible to determine for each to the variance explained in the full model, the second-order contribution to the variance that was due to each pair-wise combination of factors, and the third-order contribution to the variance in the full model, which could only be explained by the combination of all three factors jointly.
To further explain this procedure, the illustration provides a visual representation of the concepts of unique, second-order, and third-order contributions of the factors in the model to the explanation of the variance of the dependent variable. These contributions also have been termed "commonalities" in the literature." In representational terms, the area of the box labeled W could be considered the total variance of the dependent variable in a regression problem. When this variable is regressed upon a set of variables, the resultant R2 is a measure of the proportion of the variance of the dependent variable which is in common with the independent variables in the regression modelthe proportion of the variance "explained" by the model. This value is represented by the total area enclosed by-the three overlapping circles in the illustration. Each circle is representative of the proportion of variance explained by that individual factor when the dependent variable is regressed upon just that factor. The portion of each circle that does not overlap one of the other circles is representative of the proportion of the variance which is uniquely explained by that variable in the regression model. The overlapping areas of the circles then can be defined as higher order commonalities or contributions of the independent variables in explaining the variance of the dependent variable in the regression model. These areas defined as the secondorder commonalities are then representative of the proportion of the variance of the dependent variable that can only be explained jointly by two of the factors in the model. In the case of three variables in the model, there are three second-order commonalities. Higher order commonalities exist, the limiting order of which is determined by the number of variables in the model; for example, in a three-factor model the highest order commonality is of the third-order-that proportion of the variance of the dependent variable which can be explained only by the joint relationship of the three factors. The sum of the commonalities equals R2 obtained from the regression analysis, which includes the appropriate factors of the model. Table 2 gives the results of the regression analysis and the resultant commonalities for the dependent variable, DMFS-prevalence. Table 3 gives the results of the regression analysis and resultant commonalities for the dependent variable, DMFS-incidence. Tables 4 and 5 give the results of the regression analyses and the resultant commonalities for the dependent variables, defs-prevalence and defs-incidence, respectively.
Results
The top portion of each table gives the analysis of the full model using the three ecological factors of individual, family, and community as the factors or independent variables in the regression model. For example, as shown in part A of Table 2 , the general model explained 21 % of the variance observed in the DMFS-prevalence scores. The commonality contributions of the factors are given: the unique contribution of the individual factor was 2%, the unique contribution of the family factor was 7%, and the unique contribution of the community factor was 12%.
In this instance, each of the higher order commonalities contributed less than 1 % toward the explanation of the variance in DMFS-prevalence. The second-order commonalities were negative in value, which could be indicative of a "masking" effect of the joint contributions. This masking effect could be interpreted through the analogy of interaction of differential effects. The fact that such negative results are possible is thoroughly explained by Newton and Spurrell.12 A more theoretical approach and explanation of this analytic procedure was presented by Rozeboom.13 A practical application of this methodology in an expanded form was done by Mayeske et al. '1 In addition, within the individual factor, within the family factor, and within the community factor, diet, oral hygiene, and treatment were analyzed using the same methodology. The results of these analyses are presented in the second half of Tables  2-5 as second level models for each of the four dependent variables. For example, when DMFS-prevalence was regressed upon the ecological factor of community, it was found that this factor accounted for, or explained, 11.89% of the variance of DMFSprevalence. Within this contribution, the contributions of diet, oral hygiene, and treatment were determined and are given in part B of Table 2 under the second level models section of community contribution. It can be observed that the treatment factor explained approximately 7%O of the variance, oral hygiene explained approximately 2%, and the treatment and oral hygiene factors jointly explained about 1% of the variance, whereas the diet factor explained less than 1%.
Discussion
The ecological model which contains factors believed to affect children's oral health provided an organized approach to the assessment of the contributions of various factors in explaining caries experience. Use of the model both in data collection and in conducting the analysis allowed consideration of a broad range of variables and combinations of variables believed to be contributory to oral health-those relating to the individual's oral environment and those relating to his social environment (his family and his community).
This study centered on the influence of three of the five primary factors believed to be associated with the caries process, oral hygiene, diet, and dental treatment, within the framework of three ecological factorsthe individual, his family, and his community. This study did not include an assessment of the contribution of the factor of caries-inducing microorganisms or the factor of genotype of the individual.
Oral hygiene, diet, and dental treatmentexamined within the contexts of individual, family and community-together explained approximately 20% of the variability in the caries experience of the study population. The remaining proportion of the variability in caries experience may be accounted for Within the context of the three ecological factors studied-individual, family, and community- Table 6 summarizes the most important findings presented in Tables 2-5 . In three of the four dependent variables, DMFS-prevalence, defs-prevalence, and defsincidence, the community factor explained the greatest amount of variability. In this study the contributions of the individual's dental behaviors, attitudes, and conditions have been demonstrated to be less explanatory of dental caries than those of either his community or his family.
Dental treatment, including such items as length of time since last visit, reason for last visit, and parents' satisfaction with the dentist, is shown in Table 6 to be the most contributory factor in explaining variability in caries experience within both the community and family factors.
The oral hygiene factor, including oral hygiene score and supervision of oral hygiene practices by parents, and the diet factor, including frequency and kinds of treats consumed by the child, each contributed less than the treatment factor to the explanation of variability in caries experience in the study population.
The importance of the treatment factor in caries experience was further illustrated by the highly significant relationship of caries incidence in permanent teeth and the ratio of decayed to filled teeth (D/F) determined during the base line examination. Children with a high D/F ratio were found, 12 months later, to have experienced a greater incidence of caries in permanent teeth.a Conclusions Some preventive programs place emphasis on efforts to make the individual independent of the dentist'4 by encouraging him to practice personal oral hygiene procedures and diet control. The results of this study indicate, however, that community and family factors are more powerful and more pervasive in their influence on the individual child's oral health than is generally acknowledged and that dental treatment is a vital element for achieving oral health. Therefore, efforts to improve children's oral health primarily through educational programs designed to promote positive personal oral hygiene and diet practices in the individual may be less than adequate if concurrent treatment services are not provided. a D/F ratio and increment of caries on permanent teeth were cross-tabulated using top incidence scores (N = 179) and an equivalent number (N 166) of zero incidence scores, randomly selected (X2 ( 3 df) = 35.047, P < 0.001 ).
